Introduction

I
n 2004, the Armed Forces Epidemiologicai Board (AFEB), which serves as a continuing scientific advisory body to the Assistant Secretary of Defense for Health Affairs and the military Surgeons General, recommended that the military implement serologic screening of recruits where feasible to reduce unnecessary or redundant immunizations.' To inform implementation of this recommendation, a detailed economic analysis of various serologic screening policy options has been performed by Army investigators.^ In conjunction with hepatitis B immunization, hepatitis A immunization is now required at accession for all U.S. military recruits,^ To maximize potential reductions in unnecessary immunizations in accordance with the AFEB recommendation, this analysis considered the addition of screening for total hepatitis A antibody (anti-hepatitis A vims (HAV)) as a marker of pre-existing immunity."* This analysis found that adding universal hepatitis A screening to existing hepatitis B screening programs would be incrementally costbeneficial at a population seroprevalence of 17% or more,Î n 1999, the Advisory Committee on Immunization Practices (ACIP) recommended routine immunization with hepatitis A vaccine for children residing in states where the annual rate of hepatitis A in 1987 to 1997 was >20 cases per 100,000 population^ (ACIP region 1). Immunization was to be considered for children living in states where the historic rate was slO cases per 100,000 population (ACIP region 2). No immunization recommendations were made for the remaining states and the U.S. territories (ACIP region 3). The published 2000 Recommended Childhood Immunization Schedule' limited its region-specific recommendations to immunization of children up to age 12, although by 2001 the schedule^ expanded the region-specific recommendations to include routine immunization of adolescents through age 18. Prior to the era of vaccination, rates of hepatitis A immunity among the U.S. population varied significantly by ethnicity, birthplace, and age. The linear association of increasing age with rising immunity across all demographic groups indicates the cumulative incidence of naturally occurring disease and the effect of periodic nationwide epidemics which occurred every 10 to 15 years. African-American and Hispanic race ethnicity and residence in the Southwest were also associated with higher hepatitis A seroprevalence.Ĉ omprehensive estimates of rates of hepatitis A immunity among the young adult population reflecting the effects of active immunization have not been assessed to date. Our study was conducted to determine rates of immunity among military recruit cohorts, to estimate the effects of the ACIP immunization recommendations on current and future rates of immunity, and to inform accurate economic analyses of service-specific serologic screening policy options.
Subjects and Methods
Serum Specimens
For the purposes of routine human immunodeficiency virus surveillance, all applicants for enlistment in the U.S. military have serum drawn during the application process. The serum that remains (approximately 2.5 ml) is sent for permanent storage at the Department of Defense Serum Repository (DoDSR). The DoDSR contains surveillance specimens collected from civilian applicants and from members of the Armed Forces at subsequent intervals of approximately 2 years or less.'° Stored specimens are predominantly in their second freeze and are maintained at -30°C pending retrieval for study.
Source of Data
The source of data for this study is the Defense Medical Surveillance System (DMSS), an integrated public health surveillance database that includes information on all health care visits among military personnel, as well as demographic data (e.g., age, gender) and sendee-related data (e.g., date of entry into service, date of separation from service, rank, service component, occupation, and deployment history). Serum specimens are linked to complete medical outcomes and demographic and service-related data contained in the DMSS, which is maintained by the Army Medical Surveillance Activity, facilitating their later identification and use in military seroepidemiologic and surveillance studies.'"
Study Population
The study population included enlisted recruits from all 50 states, the District of Columbia and U.S. territories, first entering military service in 2004. Exclusion criteria included age < 18 at time of serum collection, age >34 at day of entry to military service, previous military service, or the absence of a serum specimen obtained within 6 months before the date of entry. Individuals with previous military service were excluded from analysis since previous service may have exposed the subjects to hepatitis A" immunization from mandatory vaccination policies dating from the mid-1990s. Restrictions were placed on date of serum collection to improve the study's ability to detect cohort effects in seroprevalence.
Study Approval
This research was conducted under a protocol approved by the Walter Reed Army Institute of Research Institutional Review Board, exempt from Human Use Committee review. Only existing data sources and serum specimens specifically collected and banked for surveillance purposes were used. The principal investigators were blinded to all subject personal identifiers during the conduct of the study.
Sample Size
Sample size was determined primarily by available funding. A random sample and two additional specified oversamples (defined by age and home of record at application to military service) were extracted. Based on existing seroprevalence studies and the estimated demographics of the 2004 recruit cohort, the rate of hepatitis A seroprevalence among all recruits was predicted to be no >20%. To facilitate service-specific policy implementation, a 95% confidence interval (CI), at most ±2,5%, was desired for the seroprevalence approximation for Army recruits. Based on preliminary queries of available DMSS data. Army enlisted accessions were expected to comprise 48.6% of all nonprevious service-enlisted accessions, necessitating a random sample size of 2,023 recruits. Preliminary DMSS data queries further suggested a minimum of 6.7% of recruits would be 25 years of age or older; previously published figures revealed recruits with home of record in ACIP region 1 comprised 22.1% of the active duty recruit cohori in 2002.'^ To ensure CI of ±3.5% for these two specific groups at a maximum expected seroprevalence of 25%, a total oversample of 588 recruits was required for each group. A random sample of 2,023 enlisted accessions was projected to result in sampling 453 enlisted accessions from ACIP region 1 and a minimum of 136 enlisted accessions age 25 years of age and older. Oversampling 135 accessions from ACIP region 1 and 452 enlisted accessions age 25 years of age and older would produce sufficient collective sample sizes. Remaining funding permitted an additional 5% sampling in all groups.
Subject Sampling
Using DMSS, a random sample of 2,124 recruits age 34 or younger were selected. Additionally, random oversamples of 452 eligible recruits age 25 and older and 142 eligible recruits from ACIP region 1 were selected to improve the precision of the seroprevalence estimate in those that were less likely to be represented in the original random sample.
The earliest serum specimen available in the DoDSR within the 6 months preceding accession was identified for each subject, generally corresponding to the serum specimen obtained at first application to military service. A list of unique specimen identifiers were used to link to selected subjects' military service and demographic data.
Specimen Handling and Laboratory Testing
The DoDSR retrieved, thawed, and aliquotted each identified specimen, labeling each aliquot with its corresponding unique specimen identifier. Aliquots were then refrozen and shipped on dry ice to the Immunology Laboratory at Brooke Army Medical Center for processing. Qualitative testing for the presence of total IgG and IgM antibody to hepatitis A antigen was performed in a College of American Pathologists-certified laboratory through the use of the ETI-AB-HAVK PLUS total anti-HAV EIA assay (DiaSorin, Inc., Stillwater, Minnesota). Equivocal results (optical densities >0.8 of the cutoff value) were reporied as negative results. Laboratory personnel were blinded to personnel identifiers and results were reported by unique specimen identifier.
Statistical Analysis
Evaluation of overall seroprevalence of anti-HAV was performed by generating point estimates and corresponding 95% binomial CI for various strata. Age adjustment of crude seroprevalence results to the age distribution of the 2004 U.S. general population was performed using population figures available from the U.S. Census Bureau.'3''' Pearson's f tests of significance and two-sample proportion tests were performed to assess differences in crude seroprevalence across strata. All analyses were performed using Stata 8.0 (Stata Corporation, College Station, Texas).
Results
Sample Characteristics
A total of 2,718 samples were aliquotted and shipped for testing and qualitative laboratory results were available on 2,717 specimens. Before final analysis, 102 specimens were found to be from individuals age 17 years at the time of serum collection; laboratory results from these specimens were discarded and excluded from further analysis. Complete laboratory results and demographic data were available for 2,026 random samples, 452 age-specific oversamples, and 137 ACIP region 1 oversamples. Of the random sample, 215 were from recruits age 25 and older and 444 were from ACIP region 1 (Table I ). Our random sample was similar to the nonprevious service 2004 recruit population age 18 to 34 in gender and home of record, but differed significantly in service (p< 0.001, ;^ = 46.6, d/= 3), age (p < 0.001, ;t^ = 41.9, d/= 2), and race ethnicity (p = 0.032, )^ = 8.8, dj = 3). Differences in the age proporiion of study subjects were attributed both to the exclusion of serum collected on applicants age 17 years and to age-speciflc recruiting practices and serum collection timelines resulting in differential rates of study exclusion. The consequential confounding of military service and race ethnicity and the expected differences in service characteristics, gender, and race ethnicity of both oversamples were consistent with previously published military demographic data.'T otal Anti-HAV Seroprevalence The overall total anti-HAV seroprevalence among the random sample was 12.0% (95% CI, 10.7%-13.5%). When adjusted to the U.S. population 18 to 34 age distribution (using age categories 18-19. 20-24, 25-29, and 30-34 years),'^.'* the anti-HAV seroprevalence was 11.9% (10.5%-13.4%). When crude seroprevalence among subjects in the random sample was stratified by demographic characteristics (Table II) , a significant difference in seroprevalence was found across age groups (p = 0.015, f = 10.4. d/= 3) and home-of-record ACIP region (p = 0.005, )^ = 10.7. d/= 2). By strata, crude seroprevalence was highest among recruits with homes of record in ACIP regions 1 and 2 where immunization was recommended or recommended for consideration, and among recruits <20 years of age. There were no significant differences in seroprevalence noted by race ethnicity, gender, or service.
Regional Variations in Seroprevalence
The age and racial-ethnic distributions of recruits were similar between the random sample and the ACIP region 1 oversample (data not shown); data were pooled to increase power in further analyses. When the results were stratified by tie presence or absence of regional ACIP immunization recommendation (Table III) , a significantly higher seropositivity (p = 0.002, )^ = 10.0. d/= 1) was noted among recruits from ACIP regions 1 and 2 (14.8%,;95% CI, 12.5%-17.3%) than from ACIP region 3 (10.3%; 95% CI, 8.7%-12.1%).
Birth Cohort Effects
The magnitude of age-specific differences in seroprevalence among young adults differed by presence of the regional ACIP recommendation. Although point estimates of seroprevalence were higher among recruits age 18 to 19 than those age 20 to 24 across the ACIP region, nonoverlapping CI were found between age groups only in ACIP region 3 (p = 0.03 by two-sample proportion test), reflecting a significant rise of 5.2% between recruits age 20 to 24 and younger recruits age 18 to 19. Similarly, when tabulated by specific age and birth cohort (Table IV) for subjects age 18 to 24, a nadir in the point estimate of seroprevalence was observed in the cohort age 20 across the ACIP regions.
Discussion
To our knowledge, this is the first cross-sectional study to demonstrate evidence of increasing hepatitis A seroprevalence among successive birth cohorts exposed to the availability and recommended use of hepatitis A vaccine. Tabulated by birth cohort among subjects age 18 to 24, the lowest seroprevalence was observed among members ofthe 1984 birth cohort, age 20 in the year 2004 and age 17 upon release ofthe 2001 adolescent ACIP recommendations.
Among recruits age 18 to 20, each subsequent birth cohort demonstrated an increase in seroprevalence. Assuming a stable background rate of natural infection, the net annual increase in seroprevalence above the background rate represents excess population immunity acquired coincident with the availability and recommended use of hepatitis A vaccine.
We believe the elevated immunity observed among members of this cohort is consistent with active immunization commencing within a year of the first adolescent immunization recommendation in the year 2001. The nadir in seroprevalence among the 1984 birth cohort argues against significant rates of active immunization among young adults age 18 years and older, suggesting that active immunization against hepatitis A in our study population may be principally associated with high school attendance.
We believe our results may reflect in part the adoption of concurrent hepatitis A and B vaccination among older adolescents receiving catch-up hepatitis B immunization as a result of high school enforcement of hepatitis B immunization mandates. Recent work by investigators has demonstrated rates of immunity to hepatitis B among military recruits rising hy approximately 5% per year,'^'^ comparable to the rise in hepatitis A immunity observed in our study across the ACIP regions.
Unlike hepatitis B requirements, few states have mandated catch-up immunization of adolescents with hepatitis A vaccine. Alaska, Nevada, Oklahoma, and some Texas counties have lating college students with immunization records were commandates requiring new high school enroUees to provide proof of pletely immunized for hepatitis A and an additional 10.0% were immunity.'^ Due to the brief time these mandates have been in partially immunized.'^ This surprisingly high rate of vaccine effect, they alone would not have been the cause ofthe increased coverage within 2 years of the release of the ACIP adolescent seroprevalence we observed among adolescent recruits in ACIP immunization recommendation lends support to our hjrpothesis regions 1 and 2, and these mandates would not have explained that active immunization, rather than naturally acquired infecthe significant rise in immunity noted in ACIP region 3.
tion, are the cause of the increased seroprevalence observed Our fmdings suggesting broad use of hepatitis A vaccine are within the 1985 and 1986 birth cohorts, supported by a recent survey of hepatitis A immunization status These fmdings of widespread adolescent hepatitis A vaccinaamong matriculating college students. A 2003 study using re-tion practices differ markedly from the highly region-speciilc view of immunization records found that 9.8% of 448 matricu-vaccination practices observed among younger children. For example, a recent study of children age 24 to 35 months found 50.9% of children in the ACIP region 1, 25.0% of children in the ACIP region 2, and only 1.4% of children in the ACIP region 3 received at least one dose of hepatitis A vaccine" in 2003. SimUarly, using pubUc and private sector vaccine distribution data, another study^° estimated rates of childhood vaccine coverage in 2001 of 30%inACIPregion 1, 19%inACIPregion2 , and only 1% in ACIP region 3. These data predate the year that widespread adoption of adolescent immunization was demonstrated from the results of our study and therefore these results may not generalize to the population we studied.
Our study has a number of Umitations. The key limitation is that we could not definitively assess the potential impact of natural infection on the elevated seroprevalence we observed among the 1985 and 1986 birth cohorts. The vaccination histories of study suhjects were not available to provide confirmation of the active immunization that we postulate has occurred in these birth cohorts. These cohorts were bom during a period of relatively low hepatitis A incidence, between peak epidemics of infection.^' In the absence of a clear explanation by which natural infection would have affected these isolated birth cohorts disproportionately, and in a manner inconsistent with the estabUshed epidemiology of hepatitis A infection, we beUeve it is reasonable to infer active immunization as the source of the increased immunity observed.
Another limitation of this study is that our performing regional seroprevalence analysis on the hasis of reported home of record may have resulted in ACIP region misclassification, as the ACIP region where a subject's exposure to most risk of naturally acquired disease and to active immunization may have differed from that reported. In the absence of evidence that directional migration of \he military recruit population occurs before enlistment, we beUeve that this misclassification, if any, would he primarily nondUferential and would tend only to diminish the magnitude of any measured regional differences.
This study was conducted principally to assess seroprevalence among mUitary recruit populations. Among nonprevious service recruits from our random sample, we found an unadjusted total anti-HAV seroprevalence of 12.0%. Our general seroprevalence results can be compared with two previous studies performed in U.S. military populations before the widespread avaUabUity of hepatitis A vaccine. One prospective seroprevalence study performed in 1999 at Madigan Army Medical Center among 1,332 Army Reserve Officer Training Corps cadets found an overall seroprevalence of 13.7% (95% CI, 11.9%-15.7%), with non-Caucasians demonstrating a higher rate of 17.1% (95% CI, 12.0%-20.3%).^^ As in our study, no statistically significant difference in seroprevalence between men and women was found. Another prospective seroprevalence study performed a decade earlier among 1,538 Navy and Marine Corps recruits found a seroprevalence of 8.4% (95% CI, 7.0%-9.8%), although a rate of 5.5% was demonstrated for those bom within the United States and a rate of 44.9% was found for those bom outside the United States.^B ased upon previous studies demonstrating screening cost benefit in populations where hepatitis A seroprevalence exceeds 17%, our results suggest selective serologic screening of recmits age 18 and younger from ACIP regions land 2 might be expected to produce cost savings soon after adoption. However, on the basis of our finding of rising hepatitis A immunity among successive birth cohorts and across ACIP regions, we believe that implementing a policy of universal screening will be preferable over the long-term to policies that attempt to target screening to specific ages or regional homes of record. The excess marginal costs incurred through universal screening at current rates of immunity are approximately $1 per recruit,^ and this cost is expected to decrease with further reductions in the costs of serology reagent, such as might be achieved through high-volume contracts. In its April 2004 memorandum on the subject of multiple concurrent vaccinations, the AFEB recommended the use of serologic screening, where feasible, to reduce vaccination of those immune from previous infection or routine vaccination. We believe that universal screening of military recruits for preexisting immunity to hepatitis A is feasible and should be implemented across all mUitary services that currently perform serologic screening on the grounds of affordably reducing unnecessary immunizations, while also promising future cost savings. Indeed, on the basis of the fmdings presented here, the U.S. Army has recently adopted a policy of universal recmit screening for hepatitis A,^" and serologic surveillance data emerging from early implementation of this program have confirmed the rising rates of immunity observed in our study.^Î n implementing serologic screening, we believe the U.S. Army's use of total anti-HAV to assess immune status is acceptable in healthy populations. Assays specific to IgG are more expensive than total anti-HAV assays and the use of two-stage, conflrmatory IgM testing to mle out active infection is costprohibitive.^^ Due to the lower specificity of total anti-HAV screening, careful implementation of screening policies is necessary to avoid falsely assuming immune status among those with potential IgM fractions. Transient hepatitis A IgM responses may be observed in as many as 1% of those immunized up to a month after active hepatitis A immunization.^^ In the event a recmit receives their first dose of hepatitis A vaccine within the month before screening, full immunity may be falsely assumed on the basis of the resultant positive total anti-HAV result. Therefore, a thorough clinical preimmunization assessment, under the direction of a credentialed medical provider, is necessary to mle out hepatitis A immunization within the previous month. A simUar screening process has been previously recommended in mass immunization campaigns to mle out recent history of live vims vaccination.^^ Such medical assessment should also be expected to detect clinical cases of active hepatitis A infection that would also induce an IgM response, although the rate of symptomatic acute hepatitis A infection in the mUitary recmit-age populations is exceedingly low, and active infection nonetheless confers lifelong immunity.
Our findings of widespread compliance with adolescent hepatitis A vaccination recommendations herald the beginnings ofa new era in the epidemiology of hepatitis A. With the recent decision by the ACIP to expand its hepatitis A immunization recommendations to include the universal vaccination of children age 12 to 18 months,^^ and continued compliance with adolescent catch-up immunizations, we anticipate increased demand for hepatitis A vaccine for use among pediatric and adolescent populations. The availability and licensure of a pediatric and adolescent bivalent hepatitis A and B vaccine,^^'^° on either a two-or three-dose schedule, would facilitate both rouMiiitary Medicine. Vol. 172, July 2007 tine and catch-up immunization for those desiring both vaccines. Additional serologic studies examining the relationship between hepatitis A immunity and hepatitis B immunity among successive birth cohorts and across ACIP regions in young adult populations would help to further define the success of adolescent immunization recommendations.
